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Abstract 
The impact of dietary fortification of an exogenous mono component protease enzyme with or without its matrix values (ME 
31.5 Kcal, CP 0.84%, methionine 0.018%, lysine 0.05%, threonine 0.034%) on growth performance traits, feed digestibility, 
serum parameters, selected immune parameters, total counts of ileal clostridia species, carcass traits as well as duodenal 
histomorphological picture was studied. A total of 300- day old chicks (Cobb500) were randomly assigned to five separate floor 
pens equal experimental groups with three replicates (20 birds /replicate). Birds were fed either on corn-soybean meal basal diets 
(starter- grower and finisher) without any supplementation (G1) and served as control group, or basal diets to which protease 
enzyme was added on top at a rate of 200 ppm (G2). Birds in (G3) were fed on the basal diets to which protease was added at the 
same inclusion level but subtracting the whole matrix value of the enzyme. Birds in (G4) were fed on the fortified basal diets 
after subtracting only the metabolizable energy matrix value of the enzyme. Birds in (G5) were reared on the fortified basal diets 
after subtracting only the crude protein as well as amino acids matrix value of the enzyme. The experimental period extended for 
five weeks. Birds in groups 2 and 4 significantly ( P 0.05) surpassed all groups in weight gain, feed consumption and FCR, also 
these groups were significantly ( P 0.05) better in dressing %. Also G2 (protease on the top) and G4 (Low ME values) showed a 
significant elevation of CP digestibility and showed a significant (P0.05) reduction of total ileal clostridia species counts. In 
addition G2 showed an increase in villus height and villus to crypt ratios compared to other experimental groups. In conclusion, 
broiler chickens respond positively to supplementation of protease enzyme and it can be used safely on the top of their diets. 
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1. Introduction 
 
An old tradition in animal nutrition is using supplements to improve animal performance using vitamins and 
minerals. The use of exogenous enzymes is not a new concept and has been extensively studied and reported 
(Campbell and Bedford, 1992; Leeson et al., 1996; Seskevicience et al., 1999; Smits and Annison, 1996). Nitrogen 
excretion from animal farm is part of humanity’s unfriendly environmental footmark. The EU, through the European 
Directive2001 / 81/EG (National Emission Ceilings) has set targets to reduce the total nitrogen excretion throughout 
its member states. So the new idea for using protease enzyme may not only to improve feed efficiency and 
utilization by the animal to decrease production cost, but will also reduce the total content of nitrogen in manure and 
thereby meets the societal demand for a decreased nitrogen excretion. 
Zanella et. al. (1999 )pointed out that Protein is less digestible(80-85%) compared to starch (90%) in corn-soy 
diets and also certain amounts of protein pass through the gastrointestinal tract without being completely digested 
(Wang and Parson, 1998 and Lemme et al., 2004). As a result, the nitrogen content in the undigested protein is 
going into the environment. Thus, this part of protein is wasted rather than used for production. Using of mono-
component enzyme products as protease will be needed for maximizing protein utilization. Freitas et al., (2011) 
reported improvement of crude protein digestibility by addition of protease enzyme. Likewise, Angel et al., 2011 
recorded an improvement of apparent crude protein and amino acids digestibility of diets supplemented with graded 
levels of protease. Also, Fru-Nji et al., 2011 concluded that exogenous serine protease enzymes supplementation 
enhanced protein and energy digestibility.  
The main objective of the present study was therefore to study the impact of a protease preparation 
(RonozymeProAct produced by DSM, The Netherlands) supplementation on broiler chicken growth performances 
measured by body weight development, feed conversion ratio, feed intake, protein digestibility and some immune 
and histo-morphological parameters. We used the protease enzyme matrix in formulating the diets with the aim to 
reduce crude protein and some amino acids percentages as well as metabolizable energy content. 
 
2. Research methods 
2.1. Enzyme Characteristics
The tested enzyme (RONOZYME® ProAct (RPA), DSM Nutritional Products) a heat stable formulated product 
containing75,000 PROT/g was used. One PROT is one protease unit, and is defined as the amount of enzyme that 
releases 1 mmol of p-nitroaniline from 1 mM substrate (Suc-Ala-Ala-Pro-Phe-pNA) per Adler minute at pH9.0 and 
37°C.The enzyme was selected as feed enzyme candidate because of its encouraging intrinsic characteristics. At 
peptic and acidic conditions (pH), the enzyme retained more than 90% residual activity after 2hrs at 40°C. 
2.2. Experimental Design 
A total of 300 day-old broiler chicks (Cobb 500) were obtained from Pyramid Poultry Company in Giza, Chicks were 
divided into a 5×3 completely randomized design with 5 treatments of 3 replicates each of 20 chicks. Birds were housed in 
an open house system bedded by a layer of wood shaving with a constant lighting program during the whole experimental 
period (Five weeks). Birds were provided continuously with clean drinking water. All birds were kept under standard 
hygienic conditions and subjected to prophylactic vaccination program against viral diseases. 
The birds were fed on a basal diet formulated according to the breed producer requirements. Birds were fed 
either on corn-soybean meal basal diets (starter- grower and finisher) without any supplementation (G1) and served 
as control group, or basal diets to which protease enzyme was added on top at a rate of 200 ppm (G2). Birds in (G3) 
were fed on the basal diets to which protease was added at the same inclusion level but subtracting the whole matrix 
value of the enzyme, while birds in (G4) were fed on the fortified basal diets after subtracting only the metabolizable 
energy matrix value of the enzyme. Birds in (G5) were reared on the fortified basal diets after subtracting only the 
crude protein as well as amino acids matrix value of the enzyme. 
Calculated and chemical analysis of different diets was performed according to AOAC (1990). Diet composition and 
chemical analysis are shown table (1). Birds in different experimental groups were weighted initially then weekly 
till the end of the five weeks of experimental period. Body weight development, weight gain, feed intake, feed 
conversion ratio were calculated. 
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Blood samples were collected randomly from nine birds in each group on the 27th day and at the end of 
experimental period (Kroliczewska et al., 2004; Toghyani et al., 2006). Blood was collected using syringes from the 
wing vein. Clear non-haemolyzedsera separated by centrifugation of collected blood for 10 min at 1500 rpm, stored 
in deep freezer at -20 c till time of analysis for HI test for Newcastle disease virus and serum parameters. 
2.3. Protein digestibility  
 
Fecal samples were collected according to Kalmendal and Tauson (2012) from6 birds of each group reared in 
digestibility cages from 25th to 28th `day of experiment. Fresh droppings were collected in air-tight plastic bags 
continuously between 09:00 to 10:00am and frozen (í18°C) for subsequent analyses. The TiO2 was determined 
according to Short et al., (1996). The CP (N × 6.25) was determined by the Kjeldahl’s method (AOAC 1990). 
2.4. Bacterial Examination (total colony count of ileal Clostridium spp.) 
 
Three samples from each replicate were collected on the 16thday of experiment. Approximately 5-cm lengths of 
intestinal tract (with tissue and contents intact) were taken from upper ileum (anterior to yolk stalk) and lower ileum 
(anterior to ileo-cecal junction) using aseptic techniques according to (Salanitro et al., 1978). 
 
2.5 Histomorphological examinations 
 
Specimens from duodenum were taken at the end of experiment from five birds from each replicate and fixed in 
10 % formalin solution. These specimens were then dehydrated, cleaned and embedded in paraffine wax blocks and 
were sectioned at 5 microns. Sections were stained by Haematoxylin and Eosin Method. Methods of histological 
techniques were adopted according to Carleton et al., (1967). 
2.6. Carcass traits 
 
At the end of the experimental period, five birds from each replicate of experimental groups were randomly 
chosen, left overnight in the waiting yard where only water was allowed. Each bird was weighted then hanged, 
slaughtered, scalded at 55-65 °C, defeathered, eviscerated and washed with tap water. The carcass was then placed 
on a processing table where the breast meat (deboned breast meat yield without skin) was cut from the remaining 
upper back and rib cage of the carcass, washed, cooled in ice water tank for two hours, dried for ten minutes. The 
dressing yield % (DY %), breast muscle yield (BMY %) were recorded according to El-Banna et al. (2003). 
2.7. Statistical Analyses
 
The obtained data were calculated and statistically analyzed according to Wayne, (1998) using SPSS software 
version 11 for Windows. The differences between groups were determined with variance analysis (one-way analysis 
of variance {ANOVA} using the probability level of 0.05 for the rejection of the null hypnosis. Significant 
differences among means were determined by the Student-Newman-kuel test. All data were recorded on an 
individual basis, except the feed consumption because of group feeding, thus no statistical analysis was performed 
for feed consumption and feed conversion ratio. Data were expressed as means SEM. 
 
3. Results and discussions 
3.1. Performance and carcass characteristics: 
 
The effects of dietary supplementation of Protease enzyme on growth performance and carcass characteristics 
of broiler chickens were summarized in (table 3 and 4); results revealed that birdsin groups 2 and 4 were 
significantly (P 0.05) surpassing all groups regarding weight gain and compared to control group. Similarly, feed 
conversion ratios were significantly (P 0.05) better in groups 2 and 4 compared to control group. All enzyme 
supplemented groups had a higher dressing %, BMY %, compared to control. The obtained results may be attributed 
to the improved true ME and true nitrogen digestibility in chickens fed corn-SBM diets as a result of the 
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supplemented protease enzyme (Ghazi et al., 2002). Moreover, the improvement in villus height and villus/crypt 
ratio of duodenum may be a contributing factor. Absorptive epithelium of the villi plays a significant role in the final 
phase of nutrient assimilation (Wang and Peng, 2008). The maturation of the small intestine is essential to optimize 
broiler growth, as digestion and absorption rates are directly influenced by cell proliferation and differentiation 
rates, as the higher the villi and their density, the larger is the area of surface for digestion and absorption (Boleli et 
al., 2002). 
Our results coincided with the findings of Odetallah et al. (2003) who reported that the protease addition in a 
level of 0.1% to normal protein diet at 21 day of age resulted in a significant increase in BWG and decrease in feed 
intake. The same results were reported by Odetallah et al. (2005) who showed a significant increase in BWG in 
group supplemented with protease enzyme (Versazyme) in a level of 0.1% in high protein diet and normal protein 
diet at 21 day old. On the contrary, Fru-Nji et al. (2011) reported that protease supplementation had a non-
significant improvement of WG with up to about 3% in the grower phase. Regardless of dietary protein or energy 
concentration the protease used in these studies improved FE and dietary determined AME values as well as dietary 
CP and fat digestibility values (Freitas et al., 2011). Wang et al. (2006) concluded that Versazyme (VZ) which is 
akeratinase-based feed additive produced the greatest improvement in breast meat yield at the medium and high 
protein levels. This enzyme feed additive apparently improves the utilization of amino acids by broilers fed diets 
formulated to commercial specifications. The effects would be particularly beneficial when diets are formulated to 
be marginal in essential amino acids or in total protein to minimize waste N excretion. 
3.2. Effect on protein digestibility 
 
The results of protein digestibility are illustrated in table 5. The results indicated that G2 (protease on the top) 
and G4 (Low ME values plus protease) showed a significant elevation of CP digestibility compared to other groups 
including control one. The results are compatible with Freitas et al. (2011) who observed an improvement of 1.8% 
in crude protein digestibility when the protease was added to the high-protein diets, whereas an improvement of only 
1 % was seen in the low protein diets. Likewise, Angel et al., (2011) reported an improvement of apparent crude 
protein and amino acids digestibility of diets supplemented with graded levels of protease fed to 22-d-old broiler 
chicken. Moreover, Fru-Nji et al. (2011) concluded that exogenous serine protease enzymes enhancing protein and 
energy digestibility. 
 
3.3. Bacterial Examination (total colony count of ileal clostridium spp.): 
 
Bacterial isolation of ileal digesta samples at 16th day of experiment for the different replicates of experimental 
groups are shown in (tables 6); results revealed that there was a significant (P< 0.05) decrease in total count of G2, 
G4 and G5 groups  and w numerical decease in G3 group compared to control group. This results may be attributed 
to the increase in protein digestibility which result in the decrease in the amount of un digested protein in the lower 
gut as reported by Lan et al. (2004) and McDevitt et al. (2006) who concluded that a constant supply of nutrients to 
the lower GIT occurs in the form of undigested dietary components, host enzymes mucoproteins, serum albumin, 
amides and desquamated intestinal epithelial cells. The amount and composition of substances reaching the lower 
GIT can be readily modified by the diet. For instance, diets containing protein in relatively high amounts, and diets 
with imbalanced patterns of AA, result in low AA digestibility and utilization in the proximal GIT thus higher 
amounts of AA accumulate in the lower GIT as undigested proteins. This accumulation, together with low 
fermentable carbohydrate sources lead to more proteolytic fermentation (Piva et al., 1995).Reducing dietary CP 
level was associated with a significant decrease in fecal microflora. The reduction of CP level led to a decrease of 
number of total aerobic mesophilic bacteria and E. coli in broilers excreta (Laudadio et al., 2012). 
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3.4. Immune response 
 
Data concerning the geometric mean titer of haemagglutination inhibition test (HI) against Newcastle disease 
virus at 27th day of experiment (10 days post vaccine) for the different replicates of experimental groups are 
illustrated in table 7. The data represented a numerical non-significant improvements in immune responsiveness 
were noticed in all protease supplemented groups indicated by increased levels of HI against ND vaccine in 
comparison with control group (G1). The results may be due to the increase in amino acid digestion as reported by 
Li et al. (2007) who stated that the deficiency of dietary protein or amino acids has long been known to impair 
immune function and increase the susceptibility of animals and humans to infectious disease. Findings from recent 
studies indicated an important role for amino acids in immune responses by regulating: (1) the activation of T 
lymphocytes, B lymphocytes, natural killer cells and macrophages; (2) cellular redox state, gene expression and 
lymphocyte proliferation; and (3) the production of antibodies, cytokines and other cytotoxic substances (Li et. al., 
2007). Increasing evidence shows that dietary supplementation of specific amino acids to animals and humans with 
malnutrition and infectious disease enhances the immune status, thereby reducing morbidity and mortality. Bouyeh 
(2012) investigated the effects of excess dietary lysine (Lys) and methionine (Met) on some blood immune 
parameters and the performance of broiler chicks. The treatment groups received the same basal diet supplemented 
with Lys and Met (as TSAA) in 0, 10, 20, 30 or 40% more than NRC (1994) recommendation. The results indicated 
that the two highest levels of Lys and Met treatments (30 and 40% more than NRC recommendation) led to 
significant increase in blood lymphocytes and decrease in Heterophyls and ratio of Heterophyls to Lymphocytes as a 
stress index (P<0.01). There was a linear increase in Newcastle antibody parallel with increasing dietary Lys and 
Met in 42 days of age (P<0.01) but not 21d. 
 
Table 7. Haemagglutination Inhibition Test (HI) Against Newcastle Disease  
Vaccine in Different Experimental Groups (27 day of experiment) 
              HI  
Group 
Antibody titer 
Group 1 Control 2.89 ± 0.29 
Group2 High energy, High protein, High AAs 3 ± 0.32 
Group 3 Low energy, Low protein, Low AAs 3 ± 0.35 
Group 4 Low energy, High protein, High AAs 3 ± 0.33 
Group 5 High energy, Low protein, Low AAs 3 ± 0.35 
P value 0.995 
3.5. Serum parameters 
 
Results of serum parameters at the end of the experiment for the different replicates of experimental groups are 
illustrated in table 8. Enzyme supplementation had no significant effect on serum total protein, serum albumin 
determination, Serum globulin determination, Albumin / Globulin ratio, AST, ALT, Uric Acid, and Creatinine were 
not. These results indicated that the protease supplementation had no effect on liver and kidney functions. 
3.6. Histomorphological finding 
 
Data concerning histomorphological parameters at the end of the experiment for the different replicates of 
experimental groups are presented in table 9. Results revealed that there was a significant (P< 0.05) increase in 
villus height in G2 and numerical increase in G3, G4, and to less extent in G4 compared to G1 control group. 
Villus/crypt ratio showed a significant (P< 0.05) increase in G2 and numerical increase in G3, G4 groups compared 
to G1 and G5. These results agreed with the findings of Yan et al. (2011) who studied the effect of dietary protein 
level and protease supplementation on gut health. Protease was found to be associated with increased growth 
efficiency in the gut and reduced systemic inflammation as demonstrated by improved crypt villus ratio. Swatson et 
al. (2002) found that excess dietary protein, differing in amino acid balance and with a range of protein contents at 
the same energy content of 13MJAME·kgbetween 10 and 24 days of age in chicks resulted in a highly significant 
increase in crypt depth for those on the balanced diets than for those on the unbalanced diets. Villus height was 
significantly reduced in the chicks on the unbalanced diets.
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Table 8. Selected Serum Parameters in Different Experimental Groups at the End of the Experiment 
 
            Parameter 
Group 
ALT   
U/L 











g/dl A/G ratio 
Group 1 Control 4.54 ± 0.38 19.06 ± 1.1 9.83 ± 0.81 1.3 ± 0.09 4.95 ±0.4 2.84 ± 0.18 2.11  0.21 1.35 ± 0.14 
Group2 
High energy, High 
protein, High AAs 
4.62 ± 0.48 18.45 ± 1.1 9.78 ± 0.76 1.31 ± 0.11 4.99 ± 0.5 3.31 ± 0.29 1.68 ± 0.17 1.97 ±0.19 
Group 3 
Low energy, Low 
protein, Low AAs 
4.8 ± 0.35 17.94 ± 0.95 9.7 ± 0.83 1.64 ± 0.5 5.12 ±0.6 3.38 ± 0.3 1.74 ± 0.18 1.94 ± 0.23 
Group 4 
Low energy, High 
protein, High AAs 
4.79 ± 0.83 18.42 ± 1.2 9.76 ± 0.75 0.99 ± 0.05 4.93 ± 0.4 3.35 ± 0.25 1.58 ± 0.15 2.12 ± 0.25 
Group 5 
High energy, Low 
protein, Low AAs 
4.89 ± 0.3 18.5 ± 1.2 8.12 ± 0.68 0.91 ± 0.07 5.35 ± 0.6 3.5 ± 0.28 1.85 ± 0.18 1.89 ± 0.19 
 
Table 9. Villi height, Crypt Depth, and Villus:Crept Ratio in Different Experimental Groups at the End of the Experiment. 
Parameter 
Group Villus height (μm) Crypt depth (μm) Villus:crept ratio (VCR) 
Group 1 Control 691.89b ± 69.5 223.89 ± 22.5 3.26b ± 0.33 
Group2 High energy, High protein, High AAs 1116.07a± 112 160.33 ± 17 7.03a ± 0.75 
Group 3 Low energy, Low protein, Low AAs 871.83ab ± 87.5 219.61  ± 22.5 4.14b ± 0.45 
Group 4 Low energy, High protein, High AAs 957.91ab ± 95.9 182.89 ± 19.3 5.61ab ± 0.59 
Group 5 High energy, Low protein, Low AAs 698.63b ± 71 227.55 ± 22.8 3.14b ± 0.36 
P value 0.008 0.348 0.017 
4. Conclusion 
 
On the basis of the above cited findings, it could be concluded that the broiler chickens responded positively to 
extra dietary supplementation of protease enzyme at the abovementioned level and method of incorporation and it 
can be used safely and economically on the top of their diets.
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